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CHAPTER I 
INTRODUCTION 
The earth conti nues  to rotate on i t s  axi s at about the s ame rate as  
i t  has  f or uncounted centuri e s ,  but the pa ce  of  i ts human occupants i s  
ever acce l erating . Not only d o  we tr ave l f aster and l ive l onger , bu t we 
are f aced wi th an ever-multi plying body of sc ienti f i c  knowl edge avai l abl e 
for our u se .  Chi l dren are cal l ed upon to master more ski lls  -- e arl i er 
than ever before . Tod ay's edu c ators mu s t  consider a ba s i c  philosophi cal  
que sti on : Should  publ i c  s choo l s  teach  sci enti f i c  content or pro c e s se s ,  
the timely  or the time l e s s? And , having chosen a curri cu lum , they a sk 
how i t  c an be u sed mo st eff ective ly .  Some publ i c  schoo l s h ave d e c i d ed 
to  d epart from the trad i tional  presentati on of  f act s by the teacher
.
to  
a new c l a s sroom si tu ation  where the  student takes  the  more a ctive rol e  
and the teacher functi on s  more as  a consul tant and gui d e . The teacher ' s  
rol e  then i s  as  a f a c i l i tator of l earning , providing  the re s ourc e s  and 
a c l imate conducive to  cri ti cal  thinki ng. 
The three South Dakota s choo l s  whi ch have contri .buted i nf ormati on to 
thi s study were Brook i ng s  Middle Schoo l , Huron Juni or Hi gh S c hoo l , and 
Mitchell Juni or Hi gh Schoo l . These  schoo l s  have chosen the I ntermed i ate 
Sci ence Curri culum Study ( I SCS) course  whi ch was d evel oped by Fl ori d a  
State Universi ty , Sci ence Educ ati on Department ,  and w a s  f i n anced i n  part 
by the u. s. Department of Edu cat i on ,  and the Nat i onal  Sc i en c e  Foundation .  
The ISCS i s  publ i shed by the Si lver-Burdett Publi shing Co . , a d i vi s i on 
of General Learn i ng Corporat i on .  Worki ng with Si l ver-Burd et t  i s  the 
Education a l  D i vi s i on of  Damon Engi neering as .manu f acturer and supp l i er 
of l aborat ory mat eri al  need ed for I SCS . The seventh grad e , whi c h  i s  
d e s i gnated as  I SCS Ye ar I ,  i s  fol l owed i n  a l l  three s choo l s by the 
ei ghth grad e course  whi ch is desi gnated as Year I I .  Only  Year I stu­
dent s  t ook part in thi s experiment . 
ST AT HA PIT OF THE PROBLEM 
Thi s study-was u ndert ak en to try to identi fy whi c h  f actors most  
i nf luence the  proce s s  o f  l e arni ng sci ence  i n  an  I SCS Ye ar I c l a s sroom . 
Bec ause  of  the breadth  of the subject , i t  has  s e emed d e s i rable  t o  l im i t  
t h e  f actors to  be con s i dered t o  those  whi ch cou l d  b e  termed "character­
i st i c s "  of  the students .  Therefor e ,  recogn i z i ng the f act  that charac­
teri sti c s  a l one c annot pre s ent the whol e pi cture , o c c a s i on a l  mention 
wi l l  be made  of  other contributing e l ements . I t  shou ld  be understood 
that only the c hara cter i sti c s  to be  named in a l ater secti on were i n­
c lud ed i n  the stati sti c a l  analysi s .  
Nu l l  Hypothes i s· 
I t  was expected that no  speci f i c  stud ent characteri st i c  wou ld  be 
i nd i c ated to account f or the variance i n  student s cores between  the pre 
test  and the postte st  of the Sequenti a l  Test of Edu c ati onal  Progre s s  
( STEP ) . 
Importance of the Study 
It was hoped that the findi ng� of thi s study wou l d  be hel pfu l to 
educators consid eri ng future curri cu lum change s . As sum i ng the test i ng 
measure s to  be adequat e ,  thi s study might be u sed to  i nd i cate whi ch 
factors were the most i nf luential in the l earni ng of s c i enc e ; and being 
aware of  thi s i nformation ,  educators mi ght then determi ne how thes e  f ac­
tors could  be i n f lu enced in order to �urther faci l i tate the l earni ng 
proce ss . Thi s study mi ght suggest future studi e s  and i nd i cate the ade­
quacy or inad equacy of present standardized testing instruments i n  jun i or 
hi gh school l eve l s c i ence cours e s . 
The Research Des ign 
Thi s was a time- seri es  experiment where the subjects  underwent repeai 
ed measurement s both before and aft er the i ntrodu cti on of  the treatment . 
The treatment , ISCS Year I ,  was the c onstant variabl e .  The research d e­
s i gn cou l d  be diagrammed i n  the f o l l owing way : 
0 1 02 x 03 04 05 06 
The f irst t e st  g i ven was the Sequential Test  of  Edu cati onal Progre s s, 
hereafter ref erred to as STEP 3A. I t  i s  de si gned to  measure general  s ci­
ence knowl edge of  s econdary s chool pupi l s  i n  grade s  seven , e i ght and n ine. 
The STEP 3A was repres ented by o1, a prete st . The next i nstrument u sed 
was the Student Opi nionnaire .  The same f orm o f  the Stu dent Opini onnai re 
was u sed f or both pretest and posttes t .  The prete s t  Student Opini onnaire 
was d e s ignated as  o2• The experimental treatment , I SCS Year I ,  was  repre­
sented by the symbo l X. Both o1 and 02 were admini stered duri ng September 
1970 and I SCS Year I was taught during the school year from September ,  19/ 
to June ,  1971. F o l l owi ng the experimental treatment , the postte st  STEP 3E 
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shown as  o3, and the postte st Stud ent Opinionnaire , shown a s  o4 , were 
admini stered duri ng the l a st two week s of March ,  1971 . E l ement o5 rep_
­
re s ents the Teacher Opi ni onnai re and 06 represents the School  Admi ni stra­
tor Opi ni onnai re . Thes e  i nstruments were compl eted by the seventh grade 
sci ence teachers and the school admini strators of the part i c i pati ng 
schoo l s  during Febru ary ,  1971 . 
THE TEST I NG INSTRUMENTS 
The Seguenti a l Test  of Edu cati onal Progress 
Aft er examinati on of many stand ardi zed test s ,  the r e s e archers de-
c ided  to  u se the STEP.bec au s e  it has  test  f orms spec i f i c a l ly f or general 
sci ence knowl edge f or grad e s  seven , eight and nine . There are two equiv-
al ent f orms based on the s ame scal e .  Qu estions were not a imed at the 
._speci f i c  obj ectives o f  I SCS . To the knowl edge of the re s e archers , there 
d o e s  not exi st at thi s time a val i d ated standardi zed t e s t  f or the speci -
f ie obj e ctives of  I SCS . The se  obj ective s would  i n clud e  u s e  of the metri c 
system ,  behavi oral obj e ctive s ,  operational def i ni t i ons and laboratory 
t echniques . 
Fol l owing i s  a d e script i on of  ski l l s  te sted by STEP . These  are cat-
egor i e s  ac cord i ng to whi c h  the i tems were c l a s s i f i ed by Philip G.  John son , 
Corne l l  Universi ty ,  and Frank J .  Fornoff , Educational T e sti ng Servi ce ( 1 1 ) : 
Abi l i ty to  i d enti fy and define scienti f i c  probl ems . 
Included i n  thi s c ategory i s  the abi l i ty to i so l ate  a problem 
from a mas s of g iven materi al  and formu l ate the prob l em in  a way 
whi c h  al l ows for systemati c  soluti on .  
Abi l i ty to  sugge st or screen hypothe ses . · . 
Subabi l i ti e s  i ncluded here are the rel ati onshi p s , abi l i t i es to  
su spend j udgement , recogni ze cau se-and-ef�e�t.rel a ti on ships , re­
cogni ze  the l ogi cal  con s i stency and p l au sibil ity of a hypothe si s , 
and to sel ect the principl e appli c abl e to  a given s i tu ati on . 
Abi l i ty to  s e l ect va l id procedure s .  
Thi s encompa sses the d e s i gn of experiments and the planning  re­
qui red for c o l lection of  appropri ate d at a .  
Abi l i ty to  i nterpret gi ven informati on and draw conc lu s i ons. 
Thi s i nc l ud e s  the abi l ity to formu l ate val id  conc lusi o n s  and to  
recogni ze  or  draw val id generali zati ons from d at a  known or g i ven . 
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Abil i ty to evalu ate cri tically  c l aims or  statements mad e by others . 
Thi s encompas se s  the cri t i c a l  evalu ation of  adverti s ements , wri t­
ten materi a l s ,  and aud i o -vi su al  materi a l s . Other abi l i ti e s i nc lud­
ed are the abili t i e s  to detect super sti ti on and extrap o l a ti ons and 
generali z at i ons ; to d i stingui sh  f act , hypothe si s ,  and opi ni ons ; and 
to  di stingu i sh  the rel evant fro� the i rre l evant . 
Abi l i ty to reason qu anti tative ly and symbo l i c al ly .  
Inc luded und er thi s heading are abi l i ti e s  to  underst and and u se 
numeri cal  operati ons , symbo lic re lations , and i nformati on pre­
sented in  graphs , charts , map s ,  and tabl e s . 
St1bj ect matter t ested i s  from the fol l owing s c i ences : bi ology , 
chemi stry , phys i c s ,  a stronomy , geo l ogy and meteorol ogy. S ince the 
tests in STEP are i nt ended primari ly as  measure s of d eve l oped abi l i ti es 
i n  six  broad are as  of edu c at i on ,  their  content val i d i ti e s  (10) are of 
primary import ance . Accord i ng to Robert W. Mayer , the P sycho l ogi c a l  
Examiner who conducted the val idity s tudy i n  1958 , 
Content v a l i d i ty i s  be st i nsured by relyi ng on well-qu a l i f i ed 
per sons i n  constru cting the te st s ,  a s  was done for the STEP. 
seri es  • • •  Empi ri c a l  check s have be en made re l at i ng t e st s c ore s 
to  sui tabl e  criteri on measures • • •  Thi s study attempted to  eva l­
uate the re l ati onship  between SCAT-STEP scores  ( SCAT refers t o  
School and Col l ege  Abi l i ty Te sts ) and s chool grad e s  i n  a n  unsel e ct­
ed sampl e of 271 seventh grade students in  the Newark C entral 
Junior Hi gh School . In  additi on ,  SCAT-STEP s core s were stud i ed i n  
rel at i on t o  WI SC ( Wechs l er Int el l i gence Sc ale  for Chi l dren ) resu l t s  
in a sampl e whi ch i nclud ed 100 o f  the above stud ent s .  • • Moderate 
and substanti al  corre l at i ons were found between s core s on STEP te st s 
i n  Wri t i ng Mathemati cs , Sci ence and Soc i a l  Stud i es when correl ated 
with grade� in corre spond ing schoo l  subj ects • • •  WISC ful l - scal e 
resul t s  were corre l ated wi th average schoo l grad e s and a high , marked 
rel at i onship wa s noted . 
For further informati on regard i ng the va l i d ati on of  STEp , refer to 
the 1958 SCAT-STEP Supplement (10). 
Rel i abi l i t i e s  have been reported for the s i x  STEP t e st s .  They 
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were the resu l t  of i nternal  analys e s  based on s ing l e  admin i strati on s  of 
the te sts , and are e st imates  of consi stency. Corre l at i on s  between  scores 
on alternate f orms or between test-rete st  score s h ave not  been obtained . 
It was stated i n  the STEP Techni cal  Report , Number F ive (12) that ,  
For e ach t es t ,  rel i abi l i ti es were estimated f or f our  sampl e s  
te sted i n  the norms program .  Analyses  were d one s eparately f or 
grade s  five ,  e i ght , e l even and thirteen . Onl y  the A f orms were 
analyzed ; however ,  the resu lts  shou l d  charact eri z e  the B forms 
re a sonably we l l ,  s i nce the A and B f orms were very s i mi l ar i n  con­
tent.  • • Kuder-R i chard son Formu l a  20 wa s u sed to e stimate a l l of 
the rel i abil i t i e s  and st andard errors of me asurement . 
The rel i abi l i ty e s timates vary somewhat from test to test . The 
med i an rel i abi l i ty f or S c i ence i s  . 89 .  
Student Opi n i onnaire 
The f irst h a l f  of the Student Opi ni onnai re , Appendi x  A ,  wa s d e -
vi sed by t h e  re s e archers e speci ally f or thi s study . Qu e s t i ons  were 
Gho sen to i nd i cate the d egree of i ntere st in sci ence , f e e l i ng s  toward 
teacher s , wi l l i ngne s s  to take part in smal l -group d i scu s s i on s ,  and 
manu al dexter i ty .  T h e  l a st f i fteen que st i ons  were t aken verbatim from ,  
"An Ind ependent Eva l u at i on o f  Seven El ementary and Jun i or Hi gh School 
Sci ence Proj ects , " by Dr . Adri an N .  Gentry (1). They_were d e s i gned to 
i ndi cate the student ' s  eva lu at i on of  the I SCS cou rse  of study . A tend-
ency to go toward a l ower number on the mu l ti p l e  cho i c e  an swers i nd i cat-
ed a change to a more po s i tive atti tude toward s c i ence f rom the prete s t  
t o  the postte st f o r  a l l  opi ni onnaire que sti ons , except for  those  que s­
tions  whi ch i nd i c ated su ch thi ng s as  choice of laboratory p artner , and 
pref erence of i nd ividu al  or team activi ti e s . 
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Teacher an d School Admi n i strator Opi n i onn ai res 
The two i n strument s we re of  simi l a r construction, wi th s o me re­
wo rd i ng .  The f i rst 11 qu e s t i ons supp ly characteri st i cs su ch  a s  age,  s e x, 
co l l ege  hou rs in  s c i enc e ,  att i tude toward sci ence ,  deg rees  earned , t e a ch ­
i ng e xperi en ce and othe r wo rk experi ence .  The secti on  f rom  que s t i on 12 
t hro�gh 31 we re t aken ve rbatim f rom  ''S cales  for the Mea su rement of Atti � 
tud e s ," by Ma rvin E .  Shaw and Ja ck M. Wri ght (13). The se qu e s t i on s  a re 
desi gned to e xpre s s  atti tude s  towa rd ed ucati on and they have been val i d at ­
ed and te sted for  re l i abi l i ty .  Fo r f urthe r i nformati on ref e r  t o  pages  8 2  
through 8 6  of the work c ited above. Qu esti on s  32 through 41 we re e spe ­
ci a l ly d e si gned by the re searchers to  show preferenc e  f o r  a sty l e  of 
teachi ng and an i nc l ination towa rd ei ther the t rad i ti on a l , e xpo s i to ry ­
d irect method , o r  the  i nnovative i ndu ctive-i ndi rect · method . T�acher 
Opi ni onna i re and S chool Ad mini strator Opi n i onnaire resu lt s  were not  i n-
eluded i n  the stat i sti c a l  analys i s ,  but we re ref erred to a s  suppl ement ­
. ary informat i on .  They h ave been i nc luded in  thi s study a s  Append i c e s  
B and c. 
LIMITATIONS OF THE STUDY 
The expe rimental  g ro up wa s l i mi ted to  the seventh g rade s c i ence 
c l a s se s .  A tot a l  of  548 students , seven teachers and nine s chool  a dmi n ­
i strators f rom Brook i ng s  Midd l e  School , Hu ron Juni or  Hi gh Schoo l  and 
Mi tchel l Juni6'r Hi gh S choo l coope rated by taking tests  and/o r  completi ng 
opini onna i re s .  These  schoo l s  we re s imi lar  i n  s i ze ,  teache r-pupi l rati o ,  
soci o - econ omi c level , ra cia l make-up and range o f  I .  Q. The study was 
fu rther l im i ted to  the school ye ar begi nn i ng appro ximately Septe mber 1 ,  
1 970 , and end i ng approximately May 30 , 1 971 . 
DEFINITION OF TERMS 
The fol l owi ng terms have been expl ai ned i n  order that  spec i f i c  
connotati on s  woul d  be under stood by the reader : · 
Characteri sti c s  o f  students are thos e  cond i ti ons  p e cu l i ar t o  an 
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i ndividu al  student . They are cond i ti ons  over whi ch he h a s  l i ttle or no • 
control , su ch a s  sex , i ntel l i gen ce , soci o-economi c leve l , teacher 
a s si gnment or c l a s sroom cond i ti ons . 
Process  approach  is  a type of curri cu lum desi gned to  provid e  the 
student with i n s i ght s of  sc ient i f i c  procedures for gaini ng new knowl -
edge . 
Inductive-i ndi rect teaching focu ses on the student rather than 
the teacher . The stu dent c ondu cts investi gati ons and i s  gu i d ed to  the 
desi red conclu s i on by a sking questi ons and by the u se of obs ervati on s  
· and i nference s .  
Exposi tory-di rect teaching i s  a l s o .referred t o  a s  the trad i t i onal  
method . The authori t ari an pos i ti on of the  teacher a s  a lecturer i s  
emphasi z ed .  Student activi ti e s i nclud i ng l i stening , read i ng ,  answer-
i ng questi on s  and d i s cu s si on of the l e sson are under the d i rect control 
of  the t eacher . 
\ 
CHAPTER· I I  
SQ\JlE PERTINENT LITERATURE 
Many Ameri can  educ ators have given c areful study t o  the  pro ce s s  
approach to  the t e achi ng of  sc ience . The obj e ct i ve h a s  been t o  d i scover 
and put i nto pract i c e  bett er method s of imparti ng the ski l l s  and knowl -
edge .of physi c al  s c i enc e t o  the rapidly  movi ng new generati on , and to  
enc ourage an  improved stud ent atti tude toward t he study of  s c i en c e . 
Paul Hounshel l and Erwi n L .  West , Jr . ,  (4), have expres sed s ome i d e a s  
concerni ng thi s t rend i n  t h e  fol l owing remark s :  
In  years past , the focus of educ ati on was on f a ct s ,  but i t  h a s  
be come evident t h a t  knowl edge of vast reservoi rs  of  f a ct s ,  whi l e  
benef i cial , i t  n o t  ne cessary . Parti cul arly i s  thi s true s i nce  
today's "facts" i n  s c i ence may be  tomorrow ' s  f a l s ehood s ,  and  s i nce 
p3st and current knowl edge may now be stored i n  an e l ectroni c 
br ain . The trend tod ay i s  to ut i l i ze man ' s  c apabi l i t i es a s  a 
thinker and to encourage him to seek the answer s t o  the "why" 
behi nd the "what " .  In other word s ,  s c ience should be t aught a s  
a n  i ntel l ectual pursuit . 
It i s  desirabl e to  start formulating corre ct s c i enti f i c methods 
from the f i rst contact that a student has wi th s c i en c e . Among the 
many new programs  d e vel oped , usi ng vari ous educ ati on a l  phi l os ophi e s ,  
one program deve l oped by the Ameri c an As soci ati on fur the Advancement 
of Sc i ence ' s  Comm i s s i on on Sci ence Educ ati on ,  n amed " S c i enc e --
A Process Approach " ,  has  be en used suc cessfully in the e l ement ary 
schoo l s .  Ideal ly thi s i ntroducti on prepare s a student wel l  f or pro-
ce ss  approach l earni ng i n  subsequent sci ence stud i e s . In  ref erence to 
Sci en\e -- A Proc e s s  Approach ,  Lou i se Y. George (2 ) states: 
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The process approach has in  it  a l i ttle  of both t he ' content' and 
the ' creat i vi ty' approache s .  Though it  rej ects  concentration on 
any parti cu l ar s c i ence , it  extend s the notion of  te achi ng 
general i z able  i d e a s  and ski l l s .  Whi l e  i t  rej ects  the  noti on of  
' creati ve abi l i ty '  as  a hi ghly general  trai t ,  it  adopt s the i d e a 
that produ cti ve think i ng can be encouraged in relati on to each of 
the processes  of s c i ence  -- observi ng , i nferri ng , c ommuni cat i ng 
and so  on . The argument i s  that i f  transferabl e intel l e ctu a l  
proce s se s  are t o  be  d evel oped in  the chi ld  for appl i c at i on to  
conti nu ed l e arni ng i n  s c i enc�, these mu st be  s eparately  i d enti­
f i ed ,  l earned and otherwi se nurtured in  a systemati c manner . I t 
i s  not enough to  be cre ative ' i n general ' -- one mu st  l earn to be 
thoughtfu l and i nventi ve in ob servi ng a vari ety of spe c i f i c  phe­
nomena , in manipu l at i ng many different obj ects  in space  and time , 
in  predi cting a number of ki nds  of  event s ,  a s  we l l  a s  i n  produ c i ng 
hypothe s e s . 
The chi ld who h a s  l e arned sci ence processes  i n  thi s manner shou l d  
b e  c apab l e  of studyi ng sci ence i n  the hi gher grades i n  a way whi ch 
is  not now poss i bl e .  It  seems probabl e  that such a. student wi l l  be  
abl e to  l e arn abou t  any given s c i enc e ,  pre sented i n  a c c ord ance wi th  
i ts theoreti c a l  str.ucture , i n  f ar l e s s time than wou l d  otherwi s e  
be requi red . Cert a i nly h e  should  have a better con c ept i on o f  
sci ence  as  a way of  thinking and d i scoveri ng .  
The I SCS proj e ct h a s  attempted t o  provide  a pract i c a l  and work-
abl e strategy enabl i ng juni or hi gh s chool  teachers to i nd ividual i ze 
i n struction . Individu a l i zat i on of i nstruction has  l ong been  an obj ec-
tive in  s c i ence t e a chi ng .  Thi s self-paced , l aboratory-ori ented course  
give s the student o pportuni ty to be i ncreasi ngly' creat i ve and se l f-
dire cted . The t e ac her thu s freed from group i nstru c t i onal  techniqu e s  
i s  able to  meet hi s students o n  a one-to�one basi s wi th greater 
fl ex i bi l i ty .. 
The fund amenta l  a s sumpti on und erlying the ISCS curri cu lum plan ( 5 )  
i s that s c i ence at the juni or high s chool  l evel shou ld serve a general  
educ ati ona l funct i o n  for all  student s .  To quote from the Te acher's. 
Manu a l : 
Considerable debate has ari sen recently whether techni ques 
( process ) or sc ient i f i c  i nquiry or concepts of sc ien ce provide 
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the better basi s upon whi ch to organi ze i nstructi onal materi a l s .  
The I SCS program presumes that these import ant aspects of  sci ence 
c an and shou l d  be i ntroduced simu l taneously by al l owi ng maj or con­
cepts to ari se out of  student investi gati on • • • The c oncepts i n­
cluded in the seventh grade materi als cannot be c l aimed t o  ' cover' 
any branch of science, nor are they comprehensive of  a l l  topi cs 
that mi ght l ogi cal l y  be rel ated to the energy theme . · Fund ament a l  
t o  the ISCS approa ch  is the bel ief that expl oring i n  depth a sma l l  
area of powerfu l ,  wel l-i ntegrated content leads t o  better under­
standi ng than superfi c i a l ly passi ng over a l arge volume of i nfor­
mati on .  We felt that a reasonable underst anding of the concepts 
dea lt with is a powerful too l for the student in understand i ng t he 
environment and that the student �so equi pped and able to use the 
i nc luded process ski l ls is in  an excel lent posi t i on to  progress not 
o�ly in grades ei ght and nine,  but in  whatever he d oes beyond that 
poi nt . 
The i nnovative methods of  i ndivi du a l i zat i on ,  process approach and 
i ndu ctive-i nd i rect teaching go hand-i n-hand , .a lthough t hey are n ot syn­
onymous .  In his Master ' s  thesis,  George Heaton (3) states : · 
Students need more time to i nteract ;  most classrooms f i nd teachers 
talking , rather than students i nteracting ; methods need t o  be est ab­
l i shed to i nsure a great dea l of student active i nvo l vement • • • The 
Associ ati on of Nat i onal Advertisers st ates people ret a i n  only 20% of 
what they hear , 50% of what they see and hear , but 70% of  what they 
say . ·What this means is that a tremendous amount of  l earning t akes 
place when youngsters have an opportuni ty to  t a l k .  
Where i nteracti on among students is  a l l owed , a most val u able re-
su l t  is that of peer teachi ng . In a rand om distri buti on  o f  students, 
or even i f  the students are al l owed to choose their own l aboratory 
partners, i t  frequent ly happens that the two partners are not of the 
same abi l i ty .  The benefi t  to a non-reader by having a c ompetent .reader 
for a partner is obvious. The more subt le advantages whi ch may exist 
are the opportunity to consu l t ,  avai l abi l ity of help i n  pro curing 
suppl ies and hel p  in sett ing up experiments . These· thi ngs wou ld be 
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di ffi cu l t  in a s c i ence  c l a s sroom where s i l ence wa s t aken to be a s i gn 
that l earning wa s t aki ng place  and that the teacher was in  fu l l  control . 
Fol lowing i s  a quotation from "The Open Cl assroom" by Herbert R .  Kohl  
(8) :  
The c l a s sroom not only segregate s  young peop l e  from soc i ety , i t  
segregate s them from e ach other • • •  Not only do we not l et chi l d­
ren of the same age t each each other by insi sting u pon s i l ence in  
the c l a ssroom , we  make i t  impossible  in  the contex t of  school for 
older chi ldren to teach younger ones  • • •  An open c l as sroom wi th 
many acti vi ti e s goi ng on simu l tapeou s ly is not a si l ent place . 
Students talk to each  other . They a l so talk to the teacher and 
move around from group to group.  The noi se in  the c l a s sroom i s  
not harsh or hysteri c a l , but i t  often f i l l s  the room and c an up­
set other te achers who ins i st upon s i l ence in thei r  room s . 
It has  been observed i n  ISCS c l a s srooms that students become pro-
gre s sive ly more sel f-directed and purposefu l  in their  i nve s t igative 
activiti e s .  Those  students who have never had the opportu n i ty or have 
not yet l earned to read c areful ly,  think i ndepend entl y  or make d e c i sions 
as to the procedure s to fol low find they f a l l  beh i nd their c l a s smate s  
who effective ly fol low the l e s son i nstru ctions . ·wi th gui d anc e from the 
teacher they, too , c an improve their  u se of time and e nergy and proceed 
i n  a purposefu l m anner . In a paper pre sented at the National  As soci a­
tion for Research i n  Sc i ence Te aching,  David Vi trogan (15 ) states a s  
fol lows : 
When pupi l s  are s e l f -d i rected , the teacher's  rol e changes drast­
i c a l ly. The teacher's rol e in impl ementing a Sc i ence Ski l l s  Center 
i s  one of arrangi ng the condi tions conducive to l earni ng by stru ct­
uring a c l a s sroom i n  whi ch l earni ng c an take pl a c e. Thi s i nvolve s 
such  activi ti e s a s  teachi ng the pupi l how to teach him s el f ,  i nsure 
suc ces s  by c arefu l ly matchi ng materi a l s  to need s , d i agnos i ng , gu id­
ing ,  i nterpreting and evalu ating grow�h as  a servi c� to �he pupi l  
and not a s  a j udgment . The teacher ,  in su ch a s etting , is a l so 
i nvolved i n  supplyi ng on-the-spot f i rst a id  when materi al s  do not 
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work or when they are unavailable, develop new materials t o  solve 
problems and personally interact with small groups and 
individually. 
Where students and teachers ar� interacting s� lence cannot obtain. 
Noi�e cannot be eliminated, but it can.be modulated. The effect of dis-
traction is not fully understood, but it is being investigated. In a 
recent article by John P .  Keating and Timothy C .  Brock (7) the foll ow-
ing comments appeared: 
Our experiment incorporated the distraction task as an integral 
part of the experimental manipulation and did not attempt to mani­
pulate the comparative importance of either the distraction or the 
communication. We felt that this was more true to life: distrac­
tion normally is something that .impinges on our awareness without 
demanding direct attention. In either case, however, when the sub­
ject is paying attention to the communication while he is simul­
taneously being distracted, the comi�unication becomes more 
persuasive • • •  
We began this paper with reflections on the physical environment 
that seemed essential to carry on serious concentration. Silence 
and seclusion have been thought to be the sine gua non of concen­
tration, an.d distraction anathema to any serious attempts at real 
thought. While this may be true in many instances, we believe that 
our present research of fers data that should ·caution us against an 
over generalization of this postulate. 
The eff ects of distraction would constitut� a study in its own 
right and doubtless many researchers could be quoted on either side. 
Also, the many facets of student behavior must play a part in the 
learning process. Some students measured by the Student Opinionnaire, 
previously described on page sev�rt, have been studied and evaluated by 
Curtis J� Johnson, who collaborated with this writer. The specific re­
sults of his study may be f ound in his Master's thesis (6), entitled 
''The Ef fects of Identified Student Behaviors on Students I Under-
s t and ing of Science." 
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As a measure of academi c achi evement , the thre� part i c i pat i ng 
schoo l s  al l empl oy the I owa Te st s of Ba s i c  Sk i l l s  ( ITBS ) . · The funda-
mental areas of vocabu lary , read i ng , the mechani c s  of correct wri t i ng ,  
methods of study and ari thmeti c are tested i n  thi s way each year . 
There i s  at thi s t ime no  t e st o f  sci ence achi evement inc luded i n  t he 
I TBS te st battery .  As  stated i n  the ITBS Teacher ' s  �anual (9 ) ,  the 
purpose s of  the tests are to  reveal how wel l  each pupi l has mastered 
the basi c  ski l l s . Other general ways i n  whi ch thi s informati on can be 
u sed are : as an aid in f i tt i ng i n stru ction to the need s of i nd ivi dual 
pupi l s ;  as an aid i n  improvi ng pupi l gui dance , parti cu l arly i n  the 
upper grades ; as an obj ective ,  rel iable  suppl ement to c ourse  grade s  
based on c las sroom work ; as a measure o f  pupi l growth from year .t o  year ; 
and as the.means of l earni ng how pupi l s  i n  one school c ompare wi th  tho s e  
i n  other s chool s .  The ITBS Teacher's Manual ( 9 )  al s o  state s :  
The content of  each  test  has been very carefu l ly s e l e cted  to  re­
f l ect the best of current curricu lum practi ce s .  On ly i t ems o f  
appropriate d i f f i cu l ty ( as shown by preliminary tryou ts ) have been 
assigned to each grade l eve l . The arrangement of the var i ou s  te sts  
has been organi zed i nto a l ogi cal pattern that yi e l d s t e s t s  of 
·uni form l ength and rel iabi l i ty .  
For i nstance ,  a grade equ ival ent compos i te score  o f  71 i nd i cate s  
the student performed a s  we l l  as the average student wou l d  during the 
fi rst month of the s eventh grade .  
CHAPTER II I 
STAT I STICAL DESIGN 
The dependent vari able was the change of score from the STEP 3A to 
the STEP 3B ( Y ) . The i nd ependent vari abl es studi ed were as follows: 
_ (X1 ) the grade e qui valent composite  �core for each student on the I TBS; 
(x2) the i ntell i gence quoti ent as measured by either the Lorge-Thorndyke 
or Otis tests; (X3) the teacher to whom each student was assi gned; (X4) 
the sex of the student; (X5) the age of the student and (X6) the  grade 
received in sci ence . Variables x7 through X31 w_ere i terns i n  the 
Student Opi nionnai re ( See  Append i x  A ) . 
The Iowa tests were administered to the subj e cts duri ng September ,  
1970 . The i ntelli gence  tests were administered during October , 1970 . 
· 
It is re cogni zed that the Otis scores will genera l l y  r ate the same stu­
dent a few poi nts hi gher than the Lorge-Thorndyke , but for the purposes 
of this experiment ,  the d i fference· was consider�d to be unimportant . 
The teacher of e a ch c l ass was given a number arbitrarily to associate the 
students with others who had the same teacher. 
The data consisted of 548 stud ents from the three aforementioned 
schools for whom both a pre - and post- STEP and a pre- and post­
Student Opi nionna i re were avai l abl e .  The vari abl es appe a� i n  the order  
entered i nto the equation i n  Tabl e I on page  18 . The i t ems of i nfor­
mation analyzed were  the change from pretest to posttest . Ac cording to 
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Dr . W. Lee Tu cker , Experiment Station Statistician , Sou th Dakota State 
University (14),  mu l tipl e regre s sion was the technique which c ould  
be st be  utilized to analyze the  data since it was de sired to  d etermine 
how much change in the dependent variabl e ( STEP ) cou ld be explained by 
the variou s i ndependent variabl e s .  An e l ectronic computer was utilized 
to facilitate speed and accuracy . The variabl e  mean s and simpl e  c or­
re lation s were obtained in addition to the mu l tipl e  correlation between 
the dependent variabl e  and the ind ependent variable s .  The ind epend ent 
variabl e s were entered into the equation in the order of their impor­
tance al ong with t he amount of variability in the dependent variabl e 
explained . For examp l e , variabl e  x3 ( teacher ) explained 5% o f  the 
total variability of  Y ( change of pre- and post- STEP ) . The error 
mean square , obtained f rom the unexplained variabil i ty of the dependent 
variabl e  was u sed t o  d etermine which independent variabl e s  explai ned 
a si gni fi cant part of the variability of the d ependent variab l e .  
CHAPTER IV 
RESULTS 
Of the total number of 548 subj ect s ,  50 . 4% were boy s  and.49 . 6% 
were girl s .  Thei r mean age was 1 1 . 9 2  years ; their  mean grade equiva­
l ent on the ITBS was 78 and their mean I . Q . composite  s core was 109 . 26 . 
The mean change i n  STEP test  score was . 83 .  The mean s c ore  of  the STEP 
3A was 32 . 10 que sti ons  correct out of a pos sibl e 60 que sti on s , and the 
mean STEP 3B score was 32 . 93 que sti on s correct out of  a po s si bl e  60 
questions . Thi s may be compared wi th the val i dated mean of  STEP 3A of  
31 . 93� Of  the  31 i ndependent variabl e s ,  it  was f ound that only 10.7% 
of the variance could be accounted for and that the two mo st i nf luential 
variabl e s  accounted for seven percent of the total varianc e .  ( See  
Tabl e I ) 
The most i nfluential variabl e was the teacher . Thi s s i n g l e  f�c­
tor accounted for f ive percent of the total variance  and was s i gni f i­
cant at the .05 level of confidenc e .  The second mo st inf l uential  vari­
abl e was determi n ed to be the ITBS grade ·equival ent . The ITBS had an 
average value of  78 wi th a standard deviation of  13 . 99 .  Thi s i ndi cat­
ed the mean l evel of achi evement was at the ei ghth month of the seventh 
grade .  The perf ormance on the ITBS acc ounted for two percent of  the 
total varianc e ,  whi ch  al so  was si gni f i cant at the .05 leve l . The thi rd 
mo st influent ial variab l e  was the age of the subj ect s ,  but thi s was 
found to be i n s i gni f i cant at the . 05 l eve l . 
Variabl e s  Li sted 
in Order they were 
entered into equati on: 
Step No . 
(X3) 1. Teacher 
) 
TABLE I 
ANALYSIS  OF DATA 
Mean Sum of Square s 
Reduced in thi s 
step 
1457.719 
(X1) 2. I TBS grad e equi val ent 78 566.669 
(X5) 3. Age 11.92 .90.835 
(X4) 4. Sex (0 = g i r l s ,  
1 = boys ) .503 42.209 
(X10) 5. Grade in Sci enc e c 39.304 
(X2) 6 .  I .Q .  compo s i t e  109.26 1.366 
Rema ining 25 st eps  1011.055 
Total/ Sums of squares 
redu ced : 3109.157 
Grand Tot al Sums of  
Squ are s :  28997.215 
Proporti on not accounted 
for : 
. 18 
Proportion 
R2duced in  
thi s step 
0.050* 
0.020*. 
0.003 
0.002 
0.001 
o.ooo 
0.031 
0.107 
1.000 
.893 
*Variabl e s  f ound by multiple  regres si on to be s i gni f i c ant at the 
·.o5 l evel of confi d enc e .  
Equati on u sed : Y = a + b1 x3 + b2 x1 = 49.827 -
.842 X3 - .073 Xi 
Y = The change in s c ore on STEP from 3A to 3B , the d ependent 
variable .  
X= The ind ependent vari abl e s . 
a = Intercept . 
bl = Regre s s i on coef f i c i ent of x3• 
b2 = Regre s s i on coef f i ci ent of  x1• 
. CHAPTER V 
DISCUSSION 
The importance of the teacher, whi ch i s  the most  i nf luent i a l  vari­
abl e ,  may be vi ewed in several  ways . In the i nductive-indire ct approa ch 
.to teaching one mi ght look for a decl ine i� teacher impact , or a l e s sen­
ing of teacher control . I ndeed when the c a sual vi sitor vi ews an  active 
group of students engaged i n  d i verse  activiti e s ,  and hears a good deal  
of verbal.....commun i c ation , he  mi ght wonder if  the students were fol lowi ng 
a plan at al l .  The l a ck  of regimentation , within c ertai n limits , i s  
actu al ly more conduci ve to creative study than i s  the ri gi d l y  structur­
ed c l a s sroom s i tuation . (7) I t  i s  pos sible  that the teacher i s  much  
better abl e to  communi c ate on  the  one -to-one basi s whi ch obt a i n s  i n  an  
ISCS laboratory c l a s sroom . Whi l e  some stud ents are abl e to go ahead 
independent ly  and c a l l  upon the te acher only  as  the need ari s e s ,  other 
students may need spec i�l encouragement or expl anation frequently . 
Only a truly f l exible  program c an best serve a l l  students . I t  may help  
students to vi ew themselve s  as  worthwhi l e  i ndivi dual s when c l a s s pro­
gress i s not uni form or d i ctated by e ither slow, , 
mod erate , or fast 
workers ,  or set arbitrari ly by the te acher. 
Pupi l s  are encouraged to move a long a s  rapid ly a s  their under­
standi ng of the work wi l l  a l low. They are cautioned agai n st c are l e s s  
ha ste whi ch would  d imi ni sh the vaiue o f  the experiments . The course  
chal lenges the teacher to meet each  student at hi s leve l , and to l ead 
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him to discover for  himsel f  the concepts involved in his p articu l ar 
experiment . This necessitates mu ch f l exibility to go  f rom Chapt er 3 
at one t able  to  Chapter 10 at  another tabl e .  
Another re l ationship to consider is the performance .variation 
among c l as ses and among s chools . This variation indicates a greater 
gain for stud ents of teachers to whom l ower numbers had be en assigned . 
( See Tab l e  I I  be l ow . ) This vari ation in gain is not wel l  und erstood , 
bu t there are some pl ausibl e  expl anati ons. By cal cu l a ting the mean  
scores of  the  STEP 3A f or each teacher it  was apparent that the  c l asses 
of !.Dose teachers t o  whom l ower numbers had been a ssigned also g enera l ly 
received l ower mean sc ores. 
TABLE I I  
STEP 3A MEAN SCORES LI STED BY TEACHER NUMBERS 
Teacher Number 
1 
2 
3 
4 
5 
6 
7 
STEP 3A Mean Score 
28 . 2 
27.9 
29 . 5  
33.4 
32. 4  
32. 7 
33. 8  
x 31 . 2  
Stand ard Deviation 
. 9 1  
. 97 
. 93 
. 89 
. 93 
. 88 
. 96 
. 95 Mean S . D .  
When arranged accord ing t o  teacher s ,  the mean STEP 3A scores 
ranged from 28 . 2 to  33 . 8 . The overa l l  me an wa s 32 . 1. Cl a s ses which 
Started h. showed more g ain in the STEP with l ower mean s c ore s ,  owever, 
3B than di d those who began with a hi gher mean score. To  car
ry this 
observation further a check wa s made of the teacher and s
chool 
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administrator opinionnaire s .  Hhil e the teacher ' s answers  were very 
simil ar , there wa s a m arked difference in administrative re spons e s 
which referred to  attitude toward science . The s e  administrative re­
sponses  seemed to coincide with the respective student mean  s c ores on 
STEP 3A . The prete st ,  of  course ref l e cts the student ' s  exposure  t o  
science  up  through  grade six , prior t o  I SCS in grade s even , and l ogi­
c a l ly indic ate s  the importance placed on science  in e l ementary schoo l . 
This mi ght ref l ect the attitude of the school administration toward 
scienc e  in the e l ementary grade s .  
Another pos sibl e expl anation of  the gre ater gain might b e  the 
so- c a l l ed Hawthorne Ef f ect, whi ch is  exhibited by groups knowing them­
se l ve s  t o  be experimenta l . It is a consciou s or unconsciou s over­
achieving by members of a group becau se  they are " specia l"  and feel  
special . The c l asse s  which did show the greatest gain were in  the 
schoo l which most re cently adopted ISCS science in the s eventh grade . 
The f a ctor l abe led "teacher" then is an aggregation of  many in­
f luen ces . The te a cher designation of one through .seven ( Se e  T�bl& II) ,  
·link s e a c h  student with a tea cher , a c l as sroom,  and a s chool system .  
Physic a l  conditions su ch a s  temperature , lighting , seating arrangements 
and distractions a l ong with other unmeasured variabl e s  are a l so in­
cluded in this singl e f a ctor . A continuing study of a l l groups invol ved 
in this experiment wou l d  be interesting and perhaps reveal ing ; but at 
present there are no pl ans for such a continu ation. · 
In view o f  the g ain , .83 , shown by the mean posttest s core 
(STEP 3B )  over the mean pretest s core ( STEP 3A) , it seemed that ISCS 
doe s help a student to do better on a standardi z ed t est i n  general 
sci ence . The -mean score of the schools involved , 32 . 1 , d o e s  c ompare 
favorably wi th the validated mean score of STEP 3A whi ch was 31. 9 .  
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I nfluence of the ITBS grade equivalent s core over the  change i n  
s core on the STEP achi evement tests i ndi cated that student s who . pos s e s s  
the bas i c  skills to perform a t  a high degree o f  achi evement als o  have 
the abi li ty to prof i t  from their  experience in  ISCS course s .  Thi s was 
more meani ngful perhaps when one consid ered that the I .  Q .  s cores were 
not signifi ca�t at the . 05 level of confidence . ( See  Table I ) 
_  The null hypothe s i s  was rejected, as i t  was d et ermined  by mul­
tiple regres s i on that certai n student characteri sti c s  were s i gni f i cant­
ly i nfluential at the . 05 level of confi dence . The se  characteri sti c s 
were the student ' s  teacher and the student's grade equ i valent on the 
ITBS . 
CHAPTER VI  
SUIV!MARY , CONCLUSIONS AND RECOMMENDATIONS 
A sci enti f i c  experiment should re su l t  i n  three thing s : I t shou l d  
( 1 ) provide d e scrip�i ons o f  observations ; ( 2 )  al l ow pred i cti on s  to  be 
made and ( 3 ) suggest  fu tu re experiments � In considerati on o f  the resu lts  
of  the  tests  and analyse s , the foll owi ng conclusions were mad e : 
Of prime importance was the teacher as a factor i n  t he student ' s · 
learni ng of  s c i ence . Thi s places the clas sroom s i tuati on as the mos t  
important . F i gurat i ve ly ,  in  thi s " crucible " we f i nd bl end ed a student ' s  
fee l i hg of ease or i l l -at- ease ; hi s acceptance or rej ecti on ; hi s re ceipt 
of encouragement or d i scouragement ; the teacher ' s security or i n s ecuri ty ;  
the admi ni strati on ' s  emphasi s  o r  de-emphasi s on s c i ence  at thi s and 
earl i er grade l evel s .  Thes e  i nf luences  are extremely d i f f i cu l t  t o  s epa­
rate and scrutini ze ,  but they are of signi f i cant importance . 
Of secondary importance was the student ' s  performanc e  on the I TBS 
as i ndi cated by the mean c omposi te grade equivalent rati ng . A s i gnifi­
cant corre l at i on was f ound to exi st between performance on the  I TBS and 
the amount of improvement by students on the STEP 3B over the STEP 3A . 
Knowi ng the relati on shi p of ITBS scores to  STEP s cores enabl e s  one to 
predi ct the fu ture perf orman ce  in  sci ence on the basi s of the ITBS tests  
wi th a l ow degree of  posi t i ve corre lat i on . 
A need for improvement was indi cated by the lack of ade quate 
standardi zed tests  f or proce s s  approach science course s .  Whi l e  the 
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mean score s of a ll schools i nvolved c ompared favorably wit h  the 
val idated means, mu ch of the proce s s  and content of I SCS wa s not test­
ed at a ll by either STEP or ITBS . It  i s  beli eved that students who 
perf ormed thi s we ll  on st and ardized t e sts, and were not even tested on 
the bulk of their sci ence work, could  conceivably perf orm a great d e al 
better on a more comprehensive t e s t .  
Another area which need s furth9r study i s  that o f  t h e  main  obj ec­
tive of this study, i . e . ,  to identify the strongly inf l uential f a ctors 
in s cience learning . All of the f actors studi ed here c ould account f or 
onlt._ 10 . 7%  of the total vari ance . 
·
The other 89 . 3%  remai n s  unexp l a i ned . 
The pos sibili ty exists that herei n  l i es a vast, unexpl ored area i n  
whi ch students could b e  _he lped, unl e s s  these factors are too nebu l ou s  
ever to be identified . Thi s is a c�a llenging problem . 
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APPEND IX A 
STUDENT OPINI ONNAIRE -- Part 1 
Record your  answers on the answer sheet as  instru cted . 
1 .  How i nterested would you be in  t ak i ng a course i n  s c i ence  i f  i t  
were not requ i red? B 2�h * 
. 
A .  Very i nterested . 
B .  Somewhat i nt erested . 
c .  I d on ' t  c are one way or the other . 
D .  Not t oo i nterested . 
E .  Not at a l l i ntere sted . 
2 .  How i ntere sted are you in  learni ng more about 
s c i en ce? 
A .  Very i nterested . 
B. Somewhat i nt ere sted . 
C . I d on ' t care one way or the other . 
D .  Not t oo i nt erested . 
E .  Not at a l l  i nterested . 
3 .  I f i nd the subj e ct of  s c i ence to be 
A .  very i nt eresting . 
B .  s omewhat i nt erest i ng . 
C .  s omewhat uni nterest ing . 
D .  very uni ntere sti ng .  
4 .  The l a st grad e I received i n  sci ence was 
A .  A .  
B. B .  
c .  c .  
D .  D .  
E .  Incomp l ete or f ai l i ng .  
* Code numbers for u se by evaluators . 
B 2-h , g 
B 2 -h, g 
C 2-e  
5 .  I consider my la st year ' s s c i ence teacher as  
A .  very well qu ali f i ed .  
B .  s omewh at qu a l i f i ed .  
c .  not too well qu a l i f i ed . 
D .  poor ly qu ali f i ed .  
6 .  My f avorite  subj ect  i s  
A .  Science . 
B . Langu ag e .  
c .  Health and P . E .  
D .  Math . 
E .  Soci al Stud i e s . 
7 .  In s c i ence  cla s s  I would rather 
A .  work by myse l f . 
B. work with one other person.  
c .  work with 3 to 5 other peopl e . 
D. work i n  a group of 6 to  15 peopl e . 
E .  work as a member of  a c lass  of 15 or more pe op l e .  
8 .  For a l ab partner i n  s c i ence I would pref er a 
A .  boy.  
B . g i rl . 
9 . In  a group d i s cu s s i on ( among stud ent s )  I wou ld 
pref er 
A . · to  be the leader . 
B .  to  t ak e  an active part i n  di scu s si on .  
C .  t o t a l k  when I feel  l i k e  i t .  
D .  t o  t alk seldom .  
E . never have to ta l k . 
10 . For a s c i ence  teacher I wou ld  pref er a 
A .  man . 
B .  woman . 
C .  makes no d i ff erence . 
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B 2-h  
B 2-h , g 
B 2-k  
B 2-k 
B 2-k , j  
B 2 -h , j 
1 1 . Ind i c ate whi ch of the fol l owing activi t i e s  you c an 
do . 
A .  
B . 
c .  
D .  
E .  
F .  
P l ay a mu s i c a l  instrument . 
Bu i ld mod e l s  ( ai rpl anes , cars , etc . ) .  
Sew,  thread a need l e .  . 
P l ay ba l l  ( any type of sport activi ty ) . 
Swim . 
None of the above . 
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B 2 - 1  
1 2 .  In  athlet i c  a ct i vi t i e s  usual ly I wou ld prefer act i ve 
parti cipat i on i n  B 2-j , k , l  
A. t e am sport s ( footba l l , basketbal l ) . 
B.  i ndividu al sport s ( swimmi ng , gol f ,  etc . ) .  
C .  to  watch .  
D .  t o  take  no part . 
STUDENT OPINIONNAIRE -- Part 2 
Ind i cate  your fee l i ng s  about the fol l owi ng statement s by B 2-h , g  
checking on the respon s e  sheet the l etter whi ch most nearly 
expres s e s  your atti tud e .  
A .  Strong ly  agree 
B .  Agree 
C. Nei ther agree or di sagree 
D .  Di sagree 
E . Strong ly  d i sagree 
1 .  I feel  that I know how sci ent i sts  work . 
2 .  The teacher wa s i nterested in  helpi ng me  succeed wi th the c l a s s  
work . 
3 .  I l i ke doing the k i nd s  of thi ng s we did  i n  c l a s s  l a st year .  
4.  Some s ci ence background is needed by all peopl e .  
5 .  I feel  that the t eacher wa s interested i n  me a s  a person . 
6 .  I f e e l  that the b as i c  organi zation o f  the program hel ped m e  t o  
l e arn even though s ome part s o f  it  needed t o  be  revi s ed .  
7 .  Experi enci ng how s c i enti st s  work i s  interesting . 
8 .  People  who work i n  s c i enti fi c occupati ons are d oi ng worthwh i l e  
thi ng s that benef i t  many peopl e .  
9 .  I had the freedom i n  c l a s s  t o  work at a rate whi ch was su i t ed 
to  my styl e of l earni ng . 
10. I wou l d  have done  more and bett er work i f  the t e a cher had 
en couraged me more . 
11. I l ike  s ci ence . 
1 2 .  What I d i d  i n  s chool l a st year i n  s c i ence  wi l l  be  u seful  t o  
m e  i n  l ater years i n  s chool . 
13. The sci ence program I had l a st year taught me a l ot abou t  
sci ence  -- the things  the world i s  made of  and how they 
work together . 
14. The t e acher wa s f a i r  and cons i st ent i n  the way he worked 
with t he student s and showed no favoriti sm to a ny one grou p .  
15 . Wnat I d id  i n  s c i enc e last ye ar wi l l  b e  u s efu l t o  me o u t  o f  
school i n  t h e  years ahe ad . 
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APPENDIX B 
TEACHER OPINIONNAIRE 
Part I 
1 .  My age i s  A )  l e s s  than 25 
B)  between 26 and 35 
C )  between 36 and 46 C 3 -j* 
D) more than 46 
2. My sex i s  A)  ma l e  B )  f emale  C 3-g  
3 .  My  total  number of  c ol l ege hou rs in  sci ence i s  
A )  0-7 B)  8- 16  C) 17-25 D) more than 25 
4.  Col l ege d egrees  e arn ed 
A) l e s s  than Bachel ors C )  Masters 
B)  Bache l ors  D )  beyond Ma sters 
5.  Total number o f  seme ster hou rs duri ng the l a st f i ve 
ye ars i s  
A )  none B) 1 -4 C )  5- 10  D )  above 10  
6 .  Number t aken i n  s c i ence during l a st f i ve years i s  
A )  none B)  1 -4 C )  5-10 D )  above 10  
7 .  I have t aken part i n  the  fol l owi ng number of  s c i ence  
C 3 -m , a 
C 3-n  
C 3-m , a 
C 3 - s  
i n sti tute s C 3 -m , s 
A )  1 B) 2 C )  3 D )  more than three E )  none 
8 .  Total  years of teachi ng experi ence i s  C 3 -o 
A )  none B)  1 -5 C )  6- 10 D )  above 10  
9 .  Number o f  years teaching sci ence  i s  C 3 - o  
A )  none B) 1 -5 C )  6-10 D )  more than 1 0  
10 .  Tot al  years other worki ng experi ence ( not summer work ) C 3 -h 
A)  none B) 1 -5 C )  6 - 1 0  D )  more than 1 0  
1 1 .  Type o f  other work done 
A)  i ndu stry or trad e 
B )  admi ni s trat i ve 
c 3-h, i , d  
C )  other profe s s i on 
D )  none of the s e  
* Code numbers for u se by evalu ators . 
OP I NIONNAIRE 
Part I I  
Instruct i on for i t ems  1 2-41 : Gi ven bel ow are statement s on 
edu c ati onal ideas  and probl em s  about whi ch we a l l  have bel i ef s ,  
opi ni ons , and proper att i tudes . We :al l  think d i fferently  abou t  
su ch  matters , and thi s s ca l e  i s  an attempt to l et you expre s s  your 
be l i ef s and opi ni ons .  Respond to each of the i tems a s  f ol l ows : 
A .  Agree Strong ly D.  Di sagree 
B.  Agree E .  Di sagree Strongly 
C. No Opi ni on 
For exampl e ,  if you agree strong ly wi th a st atement , you 
wou ld i nd i c ate A on the answer sheet . 
12 . The goa l s  of edu c at i on shou l d  be d i ctated by chi ldren ' s  B 3- c , l  
intere sts and need s , a s  we l l  as  by the l arger d emand s of  
soci ety . 
13 . No subj ect i s  more import ant than the persona l i t i e s  B 3 - 1  
o f  the pupi l s .  
1 4 .  School s of today are neg l ecting the three R ' s . B 3-e  
15 . The  pupi l -teacher re l at i on shi p is  the rel at i onship  B 3 - 1 , e  
between a chi ld who need s directi on , guidance , a nd 
. control and a teac her who i s  an expert supplying 
direct i on ,  guidanc e ,  and control . 
1 6 .  Teachers , l i k e  univers ity professors , shou ld  have B · 3�e 
acad emi c freedom -- freedom to teach what they t hink 
i s  ri ght and best . 
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17 . The backbone of the school  curri culum i s  subj ect B 3- c , e , r  
matt er ; acti vi t i e s  are u sefu l mainly t o  faci l i tate  
the l e arni ng of subj ect matter . 
18 .  Teachers shou ld encourage pupi l s  to study and B 3 -e , f 
criti c i ze our own and other economi c systems  and 
practi c e s . 
1 9 .  The tradit i onal  moral stand ard s of our chi l dren B 3 - 1 , e  
shou ld not ju st be ac cept ed ; they shou ld be 
examined and t e sted i n  sol vi ng the present 
probl ems of students . 
20 . Learning i s  experiment al ; the chi l d  should  be tau ght 
to test alternat ive s  before accepting any of  them . 
21 . The curri cu lum consi st s  of subj ect matter to  be 
l earned and ski l l s  to  be acquired . 
22 . The tru e  vi ew of  edu c at i on i s  so  arranging l earni ng 
that the chi ld  gradu al ly bu i ld s  up a store hou s e  of 
knowl edge that he  c an u se in the futu re . 
23 . One of  the bi g d i f f i cu l ti e s  wi th modern school s  i s  
that d i scipl i ne often i s  sacri f i ced to the i ntere st s 
of  the chi ldren . 
24 . The curri cu lum shou l d contain  an orderly arrangement 
of  subj ect s  that repre sent the be st of our cu ltural  
heri t age . 
25 . Di scipl i ne shou l d  be  governed by l ong-range i nterests  
and wel l -establ i shed st andard s .  
26 . Educ ati on and edu c at i on a l  institutions  mu st b e  s ource s  
o f  new soci al  i d e a s ; edu c ati on mu st b e  a soc i a l  
program und ergoi ng continual  recon stru cti on . 
27 . Right from the very f i r st grade , teachers mu st teach 
the chi ld  at hi s own l eve l and not at the l evel of  
the grad e  he is  i n .  
28 . Chi ldren shou ld  be a l l owed more f reed om than they 
u su a l ly get in the execution of l e arning activi ti e s .  
29 . Chi ldren need and shou ld have more supervi si on and 
� i sc i pl i ne than they u su a l ly get . 
30 . Learni ng i s  e s senti a l ly a proce ss of i ncreasing one ' s 
store of i nformati on abou t the variou s  fields  of 
knowl edge . 
31 . I n  a democracy,  teac hers shou ld help students under­
stand not only the meaning of  democra cy but a l so  the 
mean i ng of the i d eo l og i e s  of other pol i t i c a l  systems . 
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B 3 - e  
B 3 - e  
B 3 -c , e 
B 3 - e  
B 3 -c , e 
B 3-e  
B 3-e , l , c 
B 3-e , l 
B 3-e 
B 3-e  
33 
Part I I I  
In structi ons : On the answer sheet , pl ace the l etter whi ch 
repre s ent s the re sponse whi ch ind i cate s ,  mo st nearly your opi n i o n .  
32 . I would  consider myself  to  be a 
A .  strict  d i scipl inari an .  
B .  moderately str i ct d i scipl i nari an . 
C .  average d i scip l i nari an .  
D .  mod erately l eni ent d i scipl i nari a n .  
E .  leni ent d i s ci pl i nari an . 
33 . I would  pref er t o  be teachi ng 
34 . 
A .  Sc ience . 
B .  Soc i a l Stud i e s . 
C .  Eng l i sh .  
D .  a non-requi red course . 
E .  anything but s c i ence . 
As 
A .  
B • 
c. 
D .  
E .  
a teacher 
I am a lways re ady to  try new techni ques . 
I have d eve l oped a sati sf act ory teachi ng style  
. whi ch need s l i ttle  change . 
I am c auti ou s  abou t new teachi ng technique s . 
I have never found an innovation to be very 
sati sfactory . 
I have found that new techni qu es  are a lways the 
best . 
35 . Teachers shou l d  be 
A .  fri end ly toward stud ents .  
B .  pol i te bu t not overly  fri end ly . 
C .  a l oof and f i rmly i n  corrLmand . 
D .  total ly detached , very impersonal . 
36 .  As a teacher , I wou ld  
A.  work hard to impl ement team teaching i n  the 
c l a s sroom . 
B .  enj oy work i ng wi th a team teacher . 
C .  be very sel ect i ve i f  team teaching • .  
D .  team teach only i f  asked by my superior .  
E .  rather not team �each . 
B 3 - 1  
B 3 - f  , d  
B 3-p 
. B 3-1 , b  
B 3-k , b  
37 . As a teacher , I feel  department Pl anni ng Meet i ng s  are  
A .  absolutely e s sent i al . 
B. of a great  benefi t .  
C. sometimes helpfu l . 
D.  u su a l ly non-produ ctive . 
E . a waste of t ime . 
38 . Asid e  from t e aching , my favori te activi ty i s  
A .  read ing . 
B. hou seho l d  du ti e s . 
C .  sport s - active .  
D .  sport s - spect ator . 
E .  hobbi es  - ( co l l ecting st amp� , rocks , etc . ) .  
39 . I n  a smal l  group d i scu s s i on wi th my students I wou l d  
pref e r  to 
A .  have t h e  teacher d e f i ne a task �nd the ro l�s of t h e  
student s i n  the accompl i shment o f  t h e  task . ( s ee  
drawi ng at ri ght ) -** 
B . take an active part , present many fact s t o  the 
grou p .  ( se e  drawi ng at ri ght ) 
C .  a l l ow the s tud ent s to  guide  the di scu s si on 
themselve s .  ( see drawing a t  right ) 
D . talk  seldom bu t g i ve gu idance when needed . 
( see drawi ng at  ri ght ) 
E . be a consu l t ant , empha si z i ng i nd1vi dual  i nstru ct i on .  
( see drawi ng at right )  
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B 3-d ,  i 
B 3 -c , e , f ,  
l , p , q , r .  
** Gl atthorn , Al l en A. , "Learni ng i n  Smal � Groups " '  
Abi ngton Hi gh  School , North Campu s ,  �r ngton , Pa . , 1967 . 
40 . The 
A. 
B.  
c .  
D . 
E .  
admi n i strators i n  our school 
are recepti ve to constructi ve ideas  for c hang e .  
a r e  g l ad to g i ve recognition t o  persons who mak e 
good suggesti ons .  
take  suggesti ons u nder consideration sometime s .  
pref er wel l - e stabl i shed procedures . · 
are c au t i ou s  abou t ad apting new measuies .  
4 1 . I feel  the best grad i ng terms are 
A. sati sf actory - un sati sfactory .  
B .  a che ck l i st o f  student behavi ors . 
C .  letter grad e s . 
D . percentage grad e s . 
E .  no grade s .  
35 
B 3 -t 
B 3-e  
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APPENDIX C 
SCHOOL ADMINI STRATOR OPINIONNAIRE 
Part I 
Do not wri t e  your name or the name of your s chool · system on the 
answer sheet . I n stead , please  u se an identi fyi ng number , the l a st 
four d i g i t s  of your soc i al se curity number , or make up a number that 
you wi sh  to u se , and wri te it in the space provided for n ame s .  No 
other d ata  i s  need ed in the heading . Mark the letter on the answer 
sheet that i s  appropri ate f or the f o l l owi ng statements . 
1 .  My age i s  A ) l e s s  than 25 C)  between 36 and 
B) between 26 and 35 D)  more than 46 
2. My sex i s  A )  ma l e  B) fema l e  
3 .  My total number of  co l l ege hou r s  in  sci ence i s  
A )  0-7 B) 8 - 1 6  C )  17-25 D)  more than 25 
4. Col l ege  degree s earned 
C) beyond Ma sters A)  Bache l or s  
B )  Ma sters D) Doctors 
5 .  Tota l  number of s emester hours during the l ast f i ve 
years i s  
A) none B) 1 -5 C )  6-10 D)  more than 10  
6 .  Number taken i n  s c i ence during the l a st f ive years 
A ) none B) 1 -5 C)  6-10 D )  more than 10  
7 .  Tot al  number o f  years a s  a school admini strator 
A ) none B) 1 -5 C) 6-10  D) more than 10 
8 .  Total years o f  teachi ng experi ence 
A ) none B)  1 -5 C) 6 - 10 D )  more than 10  
9 .  Number of  years te aching sci ence 
A) none B) 1 -5 C)  6-10  D )  more than 10 
* Code numbers for use by eva luator s 
46 . c 3-j * 
c 3-g 
C 3 -m , a 
G 3-n 
C 3-m , a 
C 3 - s  
C 3-o  
C 3- o 
C 3-o  
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10 . Total  years other working experi ence ( not summer work ) 
A )  none B) 1 -5 C )  6-10  D )  more than 10 
c 3 - h  
1 1 .  Type of other work done 
A )  i ndu stry or trade C) other prof e s s i on 
c 3-h , i , d 
B) admi ni strati ve D )  none of these 
ADM INI STRATOR OPINIONNAIRE 
Part I I  
I n struction for i t ems  12-41 : Gi ven bel ow are s tatement s on 
edu cati onal ideas  and probl ems abou t wh i c h  we a l l  have bel i ef s  
' . . ' opi ni ons , and proper att i tudes . We a l l think d i fferent l y  abou t  su ch 
matters ,  and thi s sca l e  i s  an attempt to let you expres s  your be l i ef s  
and opi ni ons . Respond t o  each  o f  the i tems a s  fol l ows : 
A )  Agree Strongly D )  Di sagree 
B)  Agree E) Di sagree Strong ly 
C )  No Opi ni on 
For exampl e ,  i f  you agree strong ly wi th a statement ,  you wou ld 
i ndi c ate A on the answer sheet . 
1 2 .  
13 . 
14 . 
15 . 
1 6 .  
The goa l s  o f  educat i o n  shou ld be di ct ated by chi l dren ' s  B .3 - c , l 
i ntere sts  and need s ,  as  wel l as  by the l arger demand s of 
soci ety . 
No subj ect i s  more important than the personal i ti es of  B 3-1  
the  pupi l s .  
Schoo l s of today are neg l ecting the three R ' s .  B 3 - e  
The pupi l -te acher relationship i s  the relationship B 3- 1 , e  
between a chi ld who need s  d i recti on , guidance and 
c ontro l  and a teac her who i s  an expert supplying 
d i rect i on , gu i d ance , and control . 
Teachers l i ke uni ver s i ty prof e s sors , shou ld  have B 3-e  
academi c ' freedom - - freedom to teach what they thi nk 
i s  right and best . 
17 . The backbone of the school curri culum i s  subj ect matter ; B 
3 - c , e , r  
acti vi ti es  are u se fu l  mai nly t o  faci l i tate the l earni ng
 
of subj ect matter . 
b 
18 . Te achers shou ld encourage pupi l s  to  study and B 3-e , f 
criti c i ze our own and other economi c systems and 
practi ce s .  
19 . The trad it i onal  mora l stand ard s of our chi ldren B 3-1 , e  
· shou ld  not j u st be accepted ; they should  be 
ex ami ned and tested i n  solving the pre sent problems 
of  students .  
20 . Learni ng i s  experiment al ; the chi ld should  be taught B 3-1 , e  
to  t e st a lternat i ves  before accepti ng any of them . 
21 . The curri cu lum c on s i st s  of subj ect matter to be B 3-e 
l earned and sk i l l s  t o  be acquired .  
22.  The true  vi ew o f  edu c at i on i s  s o  arrangi ng l e arning B 3-e  
that the  chi l d  gr adu a l ly bui ld s  up a store hou se of  
knowl edge that he c an u s e  in  the future . 
2j . One of the big  d i f f i cu l t i e s  wi th modern s choo l s  i s  B 3-c , e  
that d i scipl i ne i s  often s acri f i ced to the i nterests  
of  the  chi l dren . 
24. The curri cu lum shou ld cont ain an orderly arrangement B 3-e 
of subj ects . 
25 . Di scipl i ne shou ld be governed by l ong-range i nterests  B 3 -c , e 
and we l l -establ i shed st and ard s .  
26 . Educ at i on and edu c at i onal  insti tuti ons mu st be B 3-e 
sources  of  new soci a l  ideas ; edu cat i on mu st be a 
s oc i a l  program undergoing conti nual  reconstru ction.  
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27 . Ri ght from the very first  grade , te achers mu st teach  B 3-e , l , o  
the chi ld  at hi s own l eve l and not at the level of the 
grade he i s  i n .  
28 . Chi ldren shou l d  be a l l owed more freedom than they B 3 - e , l 
u su a l ly get i n  the executi on of learni ng activi ti e s .  
29 . Chi ldren need and shou l d  have more supervi s i on and B 3-1 , e  
d i scipl i ne than they u su a l ly get . 
30 .  Le arni ng i s  e s senti a l ly a proce ss of  i ncreasing one ' s  B 
3-e 
store of i nformat ion about the vari ou s  fi eld s of 
knowl edge . 
I 
31 . In a d emoc r a c y ,  t e a chers shou l d  he l p  stud ents und e r­
st and not o n l y  the m e a n i n g  of d emo cracy bu t a l s o  the 
meani ng o f  the i d e o l og i e s  of other p o l i t i c a l  sys t em s . 
P art I I I  
I n stru c t i on s : On the a n swer sheet , mark t h e  l etter whi c h  
repre s ent s the re spon s e  expre s s i n g  most ne arl y your opi n i o n .  
3 2 .  I wou l d  con s i d e r  mys e l f  to be a 
A .  str i ct d i s c i p l i n ar i an .  _ 
B .  m od erat e l y  s tr i ct d i s c i p l i n ari an . 
C .  ave r a g e  d i s c i p l i nari an . 
D .  mod e r at e l y l en i e n t  d i s c i p l i nari an . 
E .  l en i ent d i s c i p l i n ari an . 
33 . Wn en t e a c h i ng , t he subj e c t  I wou l d  pr efer i s  
A .  S c i enc e . 
B .  So c i a l Stud i e s .  
C .  Eng l i sh .  
D .  a n on-requ i r ed cou r s e . 
E .  a nythi ng bu t s c i en c e . 
34 . As a n  admi ni s tr a tor 
A .  I am a lway s r e ady t o  try new t echn i que s . 
B.  I f e e l  the " t r i ed and tru e "  trad i ti on a l  s ty l e  o f  
t e a c h i ng need s l i t t l e  chang e s .  
C .  I a m  c au t i ou s  abou t  new te aching t e c hni que s .  
D .  I have n ever f ou nd a n  i nnovat i on t o  b e  very 
s at i s f a c t ory . 
E .  I h ave f ou nd t h at n ew techni qu e s  are a lways 
t he be st . 
35 . T e a chers a nd admi ni s t r at ors shou ld be 
A . fri end l y  toward stu d e nt s . 
B .  po l i te bu t not over l y  f r i end ly .  
C .  a l o o f  and f i rm l y  i n  c ommand . 
D .  tot a l l y d et a ched , very imperson a l . 
36 . As a t e a cher , I wou l d  
A .  work hard to imp l ement t e am t e a chi ng i n  the 
c l a s sroom . 
B .  enj oy work i ng wi th a t e am te acher . 
C .  be very s e l e c t i ve i f  t e am t e a c h i n g  • .  
D . t e am t e a c h  only i f  a s k ed by my su per i or .  
E .  rather n o t  t e am t e a c h . 
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B 3 - e  
B 3 - 1  
B 3 - f  , d  
B 3 -p 
B 3 -1 , b  
B 3-k , b  
37 . As an admini strat or,  I feel  department Pl anni ng 
Meetings are 
A .  absolutely e ss ent i a l . 
B .  of  a gre at benef i t .  
C . s ometime s he lpfu l . 
D . u su a l ly non-productive .  
E .  a waste o f  time . 
38 . Aside  from teaching my f avorite  activi ty i s  
A.  read i ng . 
B .  hou seho l d  dut i e s . 
c .  sports  - active . 
D .  sports - spe ctator . 
E .  hobb i e s  - ( co l l ect i ng stamps , rock s ,  etc . ) .  
39 . In  a sma l l  group d i scu s si on wi th my students I wou l d  
pref er t o  
A .  have t h e  t e acher define  a task and the rol e s  o f  
the students i n  the accompl i shment o f  the task . 
( see  drawi ng at ri ght ) ** 
B .  
c .  
D .  
E .  
t ake  a n  act i ve part , present many facts to  the 
group . ( s ee  drawi ng at  ri ght ) 
a l l ow the stud ent s to gu i de the d i scu ssi on 
them se l ves . ( see  drawi ng at ri ght ) 
talk  s e l d om but g i ve gui d ance when needed . 
( see drawi ng at right)  
be  a c on su l tant , emphasi z i ng i ndividu al i nstru c ti on . 
( see drawi ng at r i ght ) 
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B - 3-d , i 
B 3-c , e , f , 
l , p , q , r .· 
** Gl atthorn , Al l en A . , "Learni ng i n  Sma l l  Groups " , Abi ngton 
Hi gh Schoo l , North Campu s ,  Abi ngton, Pa . , 1967 . 
\ 
40 . The 
A .  
B . 
c .  
D .  
E . 
admi ni strator s i n  our s c hoo l 
are r e c ept i ve to con stru c tive i d e a s  f or · change . 
are g l a d to g i ve re cogni t i on to per s o n s  who mak e 
g o od su g g e sti on s .  
take sug g e s t i on s und er c o n s i d er at i on s ometim e s . 
pre f er we l l - e st a b l i shed procedur e s . 
are c au t i ou s  abou t adapti ng new me a sure s .  
4 1 . I f e e l  the be s t  g r ad i ng terms are 
A.  s a t i s f a c t ory - unsa ti s f a c t ory . 
B . a c h e ck l i s t o f  stu d ent beh avi or s . 
C .  l etter g r ad e s . 
D .  perc ent a g e  grade s .  
E .  n o  grad e s ; 
\ 
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B 3 - t  
B 3 - e  
